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54) [Title of the invention] *^^^en 

Method of recording of optomagnetic recording medium and re- 
cording device. 



57) [Summary] 



[Problem] 

A method of recording and a recording device wherein a re- 
cording mark with the possibility of stable transfer of continu- 
ous recording information to a playback layer, can be formed in 
a recording layer, are offered. 

[Means of solution] 

One of binary information of 1 bit is allotted to magnetic 

section pattern 223 that is constituted by a combination of re- 
cording magnetic section 221 and magnetic section 222 that has a 
magnetization with t*ie direction that is opposite to that of the 
said recording magnetic section 221 , and the other binary infor- 
mation of 1 bit is allotted to magnetic section pattern 224 that 
is constituted by 2 ^magnetic sections that have a magnetization 
with the same direction as above mentioned magnetic section 222. 
Hereby, recording Information 225 that continues during 2 or 
more bits, is formed in the recording layer as a series of mag- 
netic section patterns with a combination of a recording magnet- 
ic section and a magnetic section that has a magnetization in 
the direction that is opposite to that of the said recording 
magnetic section, as one unit of recording Information. From 
such a magnetic section pattern, a homogeneous leaking magnetic 
field is obtained, irrespective of the position, and informa- 
tion, even if it is continuous recording information, can be 
stably transferred to the playback layer. 
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[What is claimed] 



[Claim 1 ] 

A recording method with the characteristic that In the method 
of recording of optomagnetlc recording media wherein Information 
Is recorded by Irradiating an optomagnetlc recording medium with 
recording light under application of a magnetic field in the re- 
cording direction, 

1 bit of Information is allotted to a combination of a mag- 
netic section that has a magnetization in the recording direc- 
tion and a magnetic section that has a magnetization in the di- 
rection that is. opposite to the recording direction, or to a 
combination of 2 magnetic sections that have a magnetization in 
the direction that is opposite to the recording direction, 

and that in the case that 1 bit of information that consists 
of a combination of a magnetic section that has a magnetization 
In the above mentioned recording direction and a magnetic sec- 
tion that has a magnetization in the direction that is opposite 
to the recording direction, is recorded, continuing for 2 bits 
or more, the size of the recording magnetic sections is adjusted 
in such a way that the magnetic section that has a magnetization 
in the recording direction that is contained in the first bit of 
Information, is shorter that the magnetic section that has a 
magnetization in the recording direction that is contained in 
the second and higher order bits of information. 

[Claim 2] 

The method of recording that has been described in claim 1 , 
with the characteristic that when the length of the magnetic do- 
main that has a magnetization In the above mentioned recording 
direction is L1 , and the length of the magnetic section that has 
a magnetization in the direction that is opposite to the record- 
ing direction, is L2, L1/L2 is in the range of 0.1-0.9. 

[Claim 31 

The recording method that has been described in claims 1 or 
2, with the characteristic that the size of the above mentioned 
recording magnetic section that has a magnetization in the re- 
cording direction, is in the range of 0.01 jum to 0.36 fjm. 
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[Claim 4] 

A recording method with the characteristic that In the method 
of recording of optomagnetlc recording media wherein Information 
is recorded by irradiating the recording layer of an optomagnet- 
lc recording medium with recording light under application of a 
magnetic field in the recording direction, 

at least either the recording light or the recording magnetic 
field are modulated, so that the domain of the recording layer 
that corresponds with one of binary informations of 1 bit is 
constituted by a magnetic section that has a magnetization in 
the recording direction, and a magnetic section that has a mag- 
netization in the direction that is opposite to the recording 
direction, 

and the domain of the recording layer that corresponds with 
the other binary information of 1 bit is constituted by 2 mag- 
netic sections that have a magnetization in the direction that 
is opposite to the above mentioned recording direction, 

and that when the length of the magnetic domain that has a 
magnetization in the above mentioned recording direction is L1 
and the length of the magnetic section that has a magnetization 
in the direction that is opposite to the recording direction, is 
L2, L1/L2 is in the •range of 0.1-0.9. 

[Claim 5] 

The recording method that has been described in claim 4, with 
the characteristic that the size of the above mentioned record- 
ing magnetic section that has a magnetization in the recording 
direction, is in the range of 0.01 urn to 0.36 jum. 

[Claim 6] 

The recording method that has been described in claims 4 or 
5, with the characteristic that in the case that one of binary 
informations of 1 bit that consists of a^^jnt^naiion-^o-f a mag- 
netic section that has a magnetization in the above mentioned 
recording direction and a magnetic section that has a magnetiza- 
tion that is opposite to the recording direction, is recorded, 
continuing for 2 bits or more, the size of the magnetic sections 
is adjusted in such a way that the magnetic section that has a 
magnetization in the recording direction, that is contained in 
the first bit of information, is shorter than the magnetic sec- 
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tion that has a magnetization in the recording direction that is 
contained in the second and higher order bits of information. 

[Claim 7] 

A recording method with the characteristic that in the re- 
cording method wherein information is recorded by formation of 
magnetic sections with different directions of magnetization in 
the recording layer of an optomagnetic recording medium, 

one information of information that consists of 2 values is 
allotted to a sequence of magnetic sections that consists of 2 
magnetic sections with different directions of magnetization, 

the other information of information that consists of 2 val- 
ues is allotted to a sequence of magnetic sections that consists 
of 2 magnetic sections that have the same direction of magneti- 
zation, 

and the information is recorded in such a way that the ratio 
ot the length of the other magnetic section to the one magnetic 
section among the above mentioned 2 magnetic sections with dif- 
ferent directions of magnetization, is in the range of 0.1-0.9. 

[ Claim 8] 

A recording method with the characteristic that in the case 
that information that continues for 2 bits or more, is recorded 
with the use of the above mentioned sequence of magnetic sec- 
tions that consists of 2 magnetic sections with different direc- 
tions of magnetization, the size of the recording magnetic sec- 
tions is adjusted in such a way that the recording magnetic sec- 
tion that corresponds with the first bit of information is 
shorter than the recording magnetic section that corresponds 
with the second and higher order bits of recording information. 

[Claim 9] 

A recording method with the characteristic that in the method 
of recording of an optomagnetic recording medium wherein infor- 
mation is recorded in a recording layer by irradiation of an op- 
tomagnetic recording medium that has been equipped with a re- 
cording layer, by recording light under application of a magnet- 
ic field in the recording direction, 

information is recorded in such a way that in the case of re- 
cording of recording information that continues for 2 bits or 
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more, recording information of at least 1 bit is constituted by 
a magnetic section that has a magnetization in the recording di- 
rection and a magnetic section that has a magnetization in the 
direction that is opposite to the recording direction. 

[Claim 10] 

The recording method that has been described in claim 9, with 
the characteristic that when the length of the magnetic section 
that has a magnetization in the above mentioned recording direc- 
tion is L1 , and the length of the magnetic section that has a 
magnetization in the direction that is opposite to the recording 
direction, is L2, L1/L2 is in the range of 0.1-0.9. 

[Claim 11 ] 

A recording method with the characteristic that in the method 
of recording of an optomagnetic recording medium wherein infor- 
mation is recorded in a recording layer by irradiation of an op- 
tomagnetic recording medium that has been equipped with a re- 
cording layer by recording light under application of a magnetic 
field in the recording direction, 

in the recording of recording information that continues for 
2 bits or more, at least either the above mentioned recording 
magnetic field or recording light are modulated, so that a mag- 
netic section that has a magnetization in the direction that is 
opposite to the recording direction, is formed inside the re- 
cording domain of the recording layer that corresponds with 1 
bit of recording information. 

[Claim 12] 

The recording method that has been described in claim 11, 
with the characteristic that the size of the recording magnetic 
section that has a magnetization in the recording direction in- 
side the recording domain that corresponds with 1 bit of record- 
ing information, is in the range of 0.01 jjm to 0.36 fjm. 

[Claim 13] 

The recording method that has been described in each of the 
claims 1-12, with the characteristic that the above mentioned 
optomagnetic recording medium is equipped with a recording layer 
and a playback layer, and that magnetic information of the re- 
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cording layer is tranferred to the playback layer, and informa- 
tion is played back from the playback layer. 

[Claim 14] 

A recording device with the characteristic that a recording 
device for the recording of information in an optomagnetic re- 
cording medium is equipped with 

a light source for irradiation of the optomagnetic recording 
medium by recording light, and 

a magnetic field applying device for the application of a 
recording magnetic field, and 

a modulator that modulates recording data in such a way that 
in the case that recording data are expressed by a data sequence 
that is constituted by bit data in the recording direction and 
bit data in the direction that is opposite to the recording di- 
rection, bit data with the direction that is opposite to the 
recording direction, are interposed between the respective bit 
data, 

and that at least either the above mentioned recording light 
or the recording magnetic field is modulated, based on the sig- 
nal from the said modulator. 

[Claim 151 

The recording device that has been described in claim 14, 
with the characteristic that one information data among the 
above mentioned recording data is allotted to a combination of 
bit data in the above mentioned recording direction, and bit 
data in the direction that is opposite to the recording direc- 
tion, and that the other information data is allotted to a com- 
bination of two bit data in the direction that is opposite to 
the recording direction. 

[Claim 161 

A recording method with the characteristic that in the method 
of recording of an optomagnetic recording medium wherein infor- 
mation is recorded by irradiation of an optomagnetic recording 
medium that has been equipped with a recording layer by record- 
ing light under application of a magnetic field in the recording 
direction, a recording magnetic section is formed in the case 
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that information that continues for 2 bits or more, is recorded' 
xn the recording layer, in such a way that the group of record- 
xng magnetic sections that corresponds to the said information 
that continues for 2 bits or more, contains at least one magnet- 
xc section that has a magnetization in the direction that is op- 
posite to the recording direction. 

[Claim 17] 

The recording method that has been described in claim 16 
With the Characteristic that the signal that is based on infor- 
mation that continues for 2 or more bits, is modulated in such a 
way that the group of recording magnetic sections that corre- 
sponds to the said information that continues for 2 bits or 
more, contains at least a magnetic section that has a magnetiza- 
txon in the direction that is opposite to the recording direc- 
tion. 



[Claim 18] 

A recording method with the characteristic that in the method 
of recording of an optomagnetic recording medium wherein infor- 
mation is recorded in the recording layer by irradiation of an 
optomagnetic recording medium that has been equipped with a re- 
oording layer by recording light under application of a magnetic 
field in the recording direction, 

a magnetic field in the recording direction with magnetic 
field strength HI is applied in the case that a recording mark 
wxth mark length A is recorded in the above mentioned recording 
layer, and 

a magnetic field in the recording direction with magnetic 
field strength H2 (H2 ^ H1 ) is applied in the case that a re- 
cording mark with mark length B (B / A) is recorded in the above 
mentioned recording layer. 

[Claim 19] 

The recording method that has been described in claim 18 
With the Characteristic that the above mentioned recording mark 
with mark length A is the shortest recording mark. 

[Claim 20] 

The recording method that has been described in claim 19, 
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with the characteristic that the above mentioned magnetic field 
strengths H1 and H2 satisfy H1 > H2. 

[Claim 21 1 

The recording method that has been described in claims 19 or 

20, with the characteristic that the above mentioned recording 
mark with mark length B is a recording mark of recording infor- 
mation that continues for 2 or more bits. 

[Claim 22] 

The recording method that has been described in claims 20 or 

21 , with the characteristic that in the case that the above men- 
tioned recording mark with mark length B is recorded, the mag- 
netic field in the recording direction is modulated. 

[Claim 23] 

The recording method that has been described in each of the 
claims 18 or 22, with the characteristic that in the case that 
the above mentioned recording marks with mark lengths A or B are 
recorded, the light intensity of the above mentioned recording 
light is modulated. 

[Detailed description of the invention] 



[Field of technology whereto the invention belongs] 

This invention pertains to a recording method and recording 
device whereby information is recorded in the recording layer of 
an optomagnetic recording medium, and with more details, it per- 
tains to a recording method and recording device whereby record- 
ing marks that have the possibility of stable ' playback even with 
various mark lengths at the time of information playback, can be 
formed in the recording layer. 

0002 

[Existing technology] 

Optical recording media such as optomagnetic recording media 
are known as external memories of computers etc. Because opto- 
magnetic recording media can handle data with a large capacity, 
such as moving images and speech, they are frequently used as 
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recording media in the multimedia era. In optomagnetlc recording 
media, usually the information is recorded by causing the '1' 
and O- of bit information to correspond with the presence or 
absence of a recording mark, and as methods of recording of in- 
formation in an optomagnetlc recording medium, for instance the 
optical modulation method and the magnetic field modulation 
method are knowm. 



0003 



With the method of optical modulation, information is record- 
ed by radiating laser light that has been modulated correspond- 
ing with the recording information, under application of a di- 
rect current magnetic field to the recording layer. Because with 
this method always information is recorded under application of 
a magnetic field in a fixed direction, it is necessary to carry 
out recording repair after erasion of former information, in the 
re-recording of information in a section wherein information has 
been recorded previously. With the method of magnetic field mod- 
ulation, on the other hand, information is recorded by applica- 
tion of a magnetic field that has been turned into pulses, cor- 
responding to the bit data, under radiation of direct current 
laser light to the recording layer. Because with this method, 
data can be recorded by inverting the direction of magnetization 
of the recording layer, corresponding to the '1' and 'O' of the 
bit information, by the recording magnetic field, direct super- 
scription is possible. Because direct current laser light is ra- 
diated, however, the form of the recording marks gets a crescent 
form that is long in the tangential direction of the medium, 
when the linear velocity increases, and this is a disadvantage 
on the point of playback signal processing. 

0OO4 

As a technique for improvement of the method of magnetic 
field modulation, the method of optomagnetlc field modulation, 
wherein a magnetic field with a polarity that corresponds with 
the recording signal, is applied, under radiation of light, that 
has been converted to pulses, synchronized with the recording 
clock, is known. According to this method, the weak point of the 
method of magnetic field modulation is eliminated, and because 
very small recording magnetic sections are formed, recording 
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Information that has been recorded with a high density, how- 
ever, leads to the situation that a number of recording magnetic 
sections are present inside the playback light spot, and these 
cannot be individually played back. That is to say that because 
the analytical capacity of the playback light is insufficient, 
the individual very small recording magnetic sections cannot be 
played back. Therefore, it was necessary to play back the very 
small recording magnetic sections with a diameter of the play- 
back spot with the present size. 



As a method to solve this problem, for instance the magnetic 
super resolution technique <MSR) has been proposed in the Jour- 
nal of the Magnetic Society of Japan, vol. 17, supplement no. 
S1 , pp. 201 (1993). With this technique, it is possible to mask 
one magnetic section so that it is invisible, even if 2 record- 
ing magnetic sections are present in a playback light spot, and 
thus to effectively narrow the field of vision, and to playback 
the other recording magnetic section. When this technique is us- 
ed, the analytical playback capacity can be improved without re- 
duction of the actual playback light spot. Because, however, 
even if this technique of magnetic super resolution is used, the 
strength of the playback signal does not change, the C/N of the 
playback signal simply was low. 



In international public disclosure WO 98/02878, the present 
inventors disclosed an optomagnetic recording medium that has a 
layer for magnification and playback of magnetism and a record- 
ing layer on a substrate, and that, at the time of playback, 
transfers micro magnetic sections of the recording layer indivi- 
dually to the playback layer, and applies a playback magnetic - 
field, and thereby can magnify the transferred magnetic sections 
and play them back. Because, according to this optomagnetic re- 
cording medium, the magnetic sections that have been transferred 
to the layer for magnification and playback of magnetism, are 
magnified to about the size of the light spot, the strength of 
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the playback signal is remarkably increased. This technique is^ ^ 
called MAMMOS (Magnetic Amplifying Magneto-Optical System), and 
It solves the problems of the above mentioned technique of mag- 
netic superresolution with respect to the playback C/N of the 
micro magnetic sections. 

0008 

(Problems that should be solved by the invention] 

In the above mentioned MSR and MAMMOS. information of the re- 
cording layer is transferred to the playback layer with the use 
of the leaking magnetic field from the recording magnetic sec- 
tion of the recording layer, and thereafter, the information is 
read out from the playback layer. In the case that in such a 
system, recording magnetic section < recording mark) 227 that 
continues for 2 bits or more, as is shown in figure 2, is pres- 
ent in the recording layer, however, it appeared that the play- 
back signal from continuous recording magnetic section 227 is 
less stable than that of the shortest recording magnetic section 
that is independently present. It is thought that the reason is 
that in the end sections and the central section of the continu- 
ous recording mark that has been formed in the recording layer 
the sizes Of the leaking magnetic fields are different, and that 
particularly the leaking magnetic field from the central section 
xs weaker than the leaking magnetic field from the end sections 
and that transfer of the information of the central section of ' 
the continous recording mark to the playback layer is difficult 
Therefore, a problem was that for playback of respectively the 
shortest recording mark and a continuous recording mark, the 
power of the playback magnetic field and the playback light have 
to be stricly controlled, and the margin of the playback power 
is narrow. 
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In official bulletin of patent disclosure 2-101659 (1990) a 
recording method that carries out recording of binary informa- 
tion by taking 2 of the smallest recording units whereby infor- 
mation is recorded, as 1 set, and differentiating the magnetiza- 
tion of the smallest recording units that form this set. Noth- 
ing, however, has been mentioned on the recording by splitting 
continuous recording magnetic sections in such a way that they 



2000-260079 _12" 
are constituted by magnetic sections with directions of magneti- 
zation that differ from each other. 



0010 

This invention has been performed in order to solve the prob- 
lems of the above mentioned existing technology, and its aim is 
to offer a recording method that can form such recording marks 
in a recording layer that they can be transferrred in a reliable 
way to the playback layer at the time of playback of informa- 
tion, even in case of various mark lengths. 

001 1 

Moreover, another aim of this invention is to offer a record- 
ing device that can carry out recording of continuous recording 
marks wherein stable playback properties are obtained, in a re- 
cording layer. 

0012 

[Means to solve the problems] 

In accordance with the first situation of execution of this 
invention, a method with the characteristic that in a method of 
recording of optomagnetic recording media wherein information is 
recorded by irradiating an optomagnetic recording medium with 
recording light under application of a magnetic field in the re- 
cording direction, 1 bit of information is allotted to a combi- 
nation of a magnetic section that has a magnetization in the re- 
cording direction and a magnetic section that has a magnetiza- 
tion in the direction that is opposite to the recording direc- 
tion, or to a combination of 2 magnetic sections that have a 
magnetization in the direction that is opposite to the recording 
direction, and that in the case that 1 bit of information that 
consists of a combination of a magnetic section that has a mag- 
netization in the above mentioned recording direction and a mag- 
netic section that has a magnetization in the direction that is 
opposite to the recording direction, is recorded, continuing for 
2 bits or more, the size of the recording magnetic sections is 
adjusted in such a way that the magnetic section that has a mag- 
netization in the recording direction that is contained in the 
first bit of information, is shorter that the magnetic section 
that has a magnetization in the recording direction that is con- 
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in the recording of information in optomagnetic recording .e- 
dxa. hxtherto information was recorded by inverting the direc- 
tion Of magnetization of a magnetic section of the recording 

11Z\^" T ^^^^^ direction of magnetiza- 

tion has been given an orientation in one direction (initial di- 
rection), corresponding to the O' and I- of binary informa- 
tion. When, in the case that the of the binary values is the 
information for- recording, recording data continue for 2 bits or 
more (for instance nil.,, a long magnetic marK 227 is formed 
in the recording layer, as is shown in figure 2. With such a 
long magnetic marK 227. the strengths of the leaking magnetic 
fields in central section 228 and terminal section 229 of mag- 
netic mark 227 are different, as has been mentioned in the col- 
umn Of the existing technology. Therefore, the optimum playback 
power for playback of information that is positioned in central 
section 228 of a continuous mark differs from the optimum play- 
back power for Playback of the information that is positioned in 
terminal section 229^ of continuous mark 227 and the information 
Of the Shortest mark that is independently present, and playback 
of information with the same playback power was difficult 
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With the recording method of this invention, on the other 
hand, one part of a bit of information that consists of 2 val- 

""""''"^ " combination of magnetic 
section 221 that has a magnetization in the direction of record- 
ing (upwards in the figure), and magnetic section 222 that has a 
magnetization with a direction that is opposite to the recording 
direction (downward in the figure), such as magnetic pattern 
223 and the other part of the bit of information that consists 
Of 2 values, for instance O' , is allotted to a combination of 
two magnetic sections that have a magnetization in the direction 
that is opposite to the recording direction, such as magnetic 
section pattern 224. as is shown in figure 3 
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Here, the recording direction shows either the vertically up- 
ward or downward direction to the film surface of the recording 
layer, and for convenience' sake, the vertically upward direc- 
tion is assumed to be the recording direction in this detailed 
description, as is shown in figures 2-4. Moreover, the magnetic 
section that has a magnetization in the recording direction, is 
called the 'f magnetic section', and the magnetic section that 
has a magnetization in the direction that is opposite to the re- 
cording direction (initializing direction or deleting direc- 
tion), is called 'J^ magnetic section'. Moreover, in the binary 
information (digital information) that is presented with '1* or 
O*, '1' is the recording information. 

0016 

By the recording method according to the first situation of 
this invention, continuous recording information, for instance 
'1111*, is constructed as a magnetic pattern section that con- 
sists of T magnetic sections and ^ magnetic sections ( ' 1" | t Jr '^ 
^ 1" ' ) - In other words, even in the case that continuous re- 
cording information is recorded, always a magnetic section that 
has a magnetization 'in the direction that is opposite to the re- 
cording direction, is present, neighbouring a (minimal) magnetic 
section that has a magnetization in the recording direction. 
Consequently, the size of the leaking magnetic field that is 
produced from a magnetic section that corrresponds with the re- 
cording information, is the same, irrespective of the way where- 
in a magnetic section that corresponds with the said recording 
information is present in the magnetic section pattern. There- 
fore, magnetization information can be transferred in a stable 
way to the playback layer, irrespective of the continuous length 
of the recording information. In this text, 1 bit is the minimal 
unit of binary information, for instance a data sequence that is 
expressed by '1' and 'O', and at the time of playback, each '1' 
or 'O' of 1 bit of information is read out. 

0017 

In the recording of information in the recording layer in the 
recording method of this invention, for instance the data '1' of 
1 bit of binary information that is expressed by '1' or 'O' is 
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converted to the code sequence '10', and the data 'O' of 1 bit 
is converted to the code sequence 00', and based on these con- 
verted code sequences, at least either the recording light or 
the recording magnetic field may be modulated. That is to say 
that in the case that the recording data is '1011', it may be 
converted to '10001010'. From the converted code sequence, a re- 
cording signal with a waveform as is shown in figure 9, is pro- 
duced, and based on this recording signal, the recording magnet- 
ic field may be modulated and applied. 

0018 

When, among the 2 magnetic sections (t magnetic section and J, 
magnetic section) that constitute 1 bit of recording informa- 
tion, the magnetic section that has a magnetization in the re- 
cording direction magnetic section) has length L1 , and the 
magnetic section that has a magnetization in the direction that 
is opposite to the recording direction magnetic section) has 
length L2, in this invention L1/L2 preferably is in the range of 
0.1-0.9. Here, the length of the magnetic section means the 
length of the magnetic section in the direction of the track. 
When length L2 of the J. magnetic section to length LI of the ^ 
magnetic section is O.I or more, a stable leaking magnetic field 
can be generated from these 2 magnetic sections. Moreover, when 
length L2 of the ^ magnetic section to length LI of the f mag- 
netic section is 0.9 or less, stable playback characteristics 
can be obtained when continuous recording information is record- 
ed. 

0019 

Moreover, the size of the leaking magnetic field from an T 
magnetic section usually depends on the size of the ^ magnetic 
section and the hereto adjacent 4, magnetic section. Therefore, 
the size of the leaking magnetic field from an t magnetic sec- 
tion that corrresponds with the first bit of recording informa- 
tion is, because neighbouring hereto two ^ magnetic sections are 
present, larger than the size of the leaking magnetic field from 
an t magnetic section that corresponds with the second bit of 
recording information. In order to homogenize the leaking mag- 
netic field from the magnetic section that corresponds with the 
very first bit of recording information and the second and high- 
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er order bits of recording information in the recording of re- 
cording information with 2 or more continuous bits, consequent- 
ly, the size of the magnetic sections preferably is adjusted in 
such a way that the magnetic section that corresponds with the 
very first bit of recording information is shorter than the ^ 
magnetic section that corresponds with the second and higher or- 
der bits of recording information. 

0020 

According to the second situation of this invention, a re- 
cording method with the characteristic that in the method of re- 
cording of an optomagnetic recording medium wherein Information 
is recorded by irradiation of the recording layer of the opto- 
magnetic recording medium with recording light while a magnetic 
field in the recording direction is applied, at least either the 
recording light or the recording magnetic field are modulated, 
so that the domain of the recording layer that corresponds to 
one side of 1 bit of binary information, is constituted by a 
magnetic section that has a magnetization in the recording di- 
rection, and a magnetic section that has a magnetization in the 
direction that is opposite to the recording direction and the 
domain of the recording layer that corresponds with the other 
side of 1 bit of binary information, is constituted by 2 magnet- 
ic sections that have a magnetization in the direction that is 
opposite to the above mentioned recording direction, and when 
the length of the magnetic section that has a magnetization in 
the above mentioned recording direction is L1 , and the length of 
the magnetic section that has a magnetization in the direction 
that is opposite to the above mentioned recording direction is 
L2, the size of the recording magnetic sections is modulated so 
that L2/L1 is in the range of 0,1-0.9, is offered. 

0021 

In the recording method according to the second situation of 
this invention, at least either the recording light or the re- 
cording magnetic field is modified, so that the domain that cor- 
responds with the ' 1 * in the bit information that is presented 
by '1* and 'O*, is constituted by a pattern of two magnetic sec- 
tions (*f 4^') that consists of a ^ magnetic section and a J, mag- 
netic section, and the domain that corresponds with 'O', is con- 
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stituted by a pattern of magnetic sections ( \|, J, • ) that consists 
of two ^ magnetic sections. When, among the two magnetic sec- 
tions (t magnetic section and ^ magnetic section) that consti- 
tute 1 bit of recording information, the length of the magnetic 
section that has a magnetization in the recording direction 
magnetic section) is L1 , and the length of the magnetic section 
that has a magnetization in the direction that is opposite to 
the recording direction <|, magnetic section) is L2, L2/L2 is ad- 
justed in the range of 0.1-0.9. Hereby, stable transfer of mag- 
netization information of the recording layer to the playback 
layer is possible, irrespective of the continuous length of the 
recording information, in the same way as has been described for 
the above mentioned first situation, even if continuous record- 
ing information has been formed in the recording layer. 

0022 

According to the third situation of this invention, a record- 
ing method with the characteristic that in a recording method 
wherein information is recorded by formation of magnetic sec- 
tions with different directions of magnetization in the record- 
ing layer of the optomagnetic recording medium, one information 
of an information that consists of 2 values is allotted to a se- 
quence of magnetic sections that consists of 2 magnetic sections 
with mutually different directions of magnetization, and the 
other information of an information that consists of 2 values is 
allotted to a sequence of magnetic sections that consists of 2 
magnetic sections with the same direction of magnetization, and 
that the ratio of the length of the other magnetic section to 
the one magnetic section among the 2 above mentioned magnetic 
sections with different directions of magnetization, is in the 
range of 0.1-0.9, is offered. 

0023 

In the recording method according to the third situation of 
this invention, a sequence of magnetic sections that consists of 
2 magnetic sections with different directions of magnetization, 
is allotted to one of the bit information that consists of the 2 
values -I' and O', for instance the I', and a sequence of mag- 
netic sections that consists of 2 magnetic sections with the 
same direction of magnetization, is allotted to the 'O'. When 
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for Instance the magnetic section that has a magnetization in 
the recording direction is the T magnetic section, and the mag- 
netic section that has a magnetization that is upside down par- 
allel to the ^ magnetic section, is the ]^ magnetic section, a 
magnetic section sequence 'f]^ that consists of a 1^ magnetic sec- 
tion and a ^ magnetic section, is allotted to the '1* of the 
binary information, and a magnetic section sequence that con- 
sists of 2 magnetic sections, is allotted to the 'O' of the 
binary information. The ratio of the length of the other magnet- 
ic section to the one magnetic section among the 2 magnetic sec- 
tions with different directions of magnetization is adjusted in 
the range of 0.1-0.9- By the fact that here the '1' of the bina- 
ry information is made to correspond with one of the bit infor- 
mation that consists of 2 values, that has been described in the 
above mentioned first situation, and the 'O' of the binary in- 
formation is made to correspond with the other of the bit infor- 
mation that consists of 2 values, the same results as in the 
first situation come to be obtained. 



According to the fourth situation of this invention, a re- 
cording method with 'the characteristic that in. case of recording 
of recording information that continues for 2 or more bits, in a 
method of recording of an optomagnetic recording medium wherein 
information is recorded in the recording medium by irradiation 
of an optomagnetic recording medium that has been equipped with 
a recording layer, by recording light under application of a 
magnetic field in the recording direction, the information is 
recorded in such a way that recording information of at least 1 
bit is constituted by a magnetic section that has a magnetiza- 
tion in the recording direction and a magnetic section that has 
a magnetization in the direction that is opposite to the record- 
ing direction, is offered. 



According to the fifth situation of this invention, a record- 
ing method with the characteristic that in case of recording of 
recording information that continues for 2 or more bits, in a 
method of recording of an optomagnetic recording medium wherein 
information is recorded in the recording medium by irradiation 
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of an optomagnetic recording medium that has been equipped with^ 
a recording layer, by recording light under application of a 
magnetic field in the recording direction, at least either the 
above mentioned recording magnetic field or the recording light 
are modified in such a way that a magnetic section that has a 
magnetization in the direction that is opposite to the recording 
direction is formed inside the recording domain of the recording 
layer that corresponds with recording information of 1 bit is 
offered. * 



0026 



m the case that independent recording information that cor- 
responds With 1 bit is recorded with the recording method ac- 
cording to the fourth and fifth situation of this invention 
thxs recording information is, as is shown in figure 4. consti- 
tuted only by isolated recording magnetic section 441 that has a 
magnetization in the recording direction, and in the case that 
recording information that continues for 2 or more bits is re- 
corded, they are constituted by recording magnetic section 442 
that has a magnetization in the recording direction and magnetic 
section 443 that has a magnetization that is opposite to the re- 
cording direction. Hereby, a homogeneous leaking magnetic field 
xs Obtained, irrespective of the position of the magnetic sec- 
tions that constitute this recording information, even in the 
case Of continuous information, and the margin of the playback 
power is not narrowed by the length of the successive recording 
magnetic sections. 



0027 



According to the sixth situation of this invention, a record- 
ing device Wherein a recording device for recdrding of informa- 
tion xn an optomagnetic recording medium is equipped with a 
light source for irradiation of the optomagnetic recording medi- 
um by recording light, and a magnetic field applying device for 
application of a recording magnetic field, and a modulator that 
modulates recording data in such a way that in the case that re- 
cording data are presented by a data sequence that is constitut- 
ed by bit data in the recording direction and bit data in the 
direction that is opposite to the recording direction, bit data 
with the direction that is opposite to the recording direction 
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are inserted between the respective bit data, and wherein at 
least either the above mentioned recording light or the record- 
ing magnetic field are modulated, based on the signal from the 
said modulator, is offered. 



In the case that recording data are presented by a data se- 
quence that consists of bit data '1' in the recording direction 
and bit data 'O' in the direction that is opposite to the re- 
cording direction, the modulator of the recording device of this 
invention modulates the recording data in such a way that bit 
data with the direction that is opposite to the recording direc- 
tion, are inserted between the respective bit data. In other 
words, the code of one bit data '1', that is recording informa- 
tion, is code converted to the code sequence '10*, and the one 
bit data 'O* is code converted to the code sequence '00*, and at 
least either the recording light or the recording magnetic field 
can be modulated, based on this code converted code sequence. By 
the use of the recording device of this invention, the recording 
methods according to the first to fifth situations of this in- 
vention can be executed, and a homogeneous leaking magnetic 
field can be generated, irrespective of the length of continua- 
tion of the recording information and the position of the re- 
cording magnetic section. Therefore, the recording device of 
this invention is suited for recording in optomagnetic recording 
media that have been equipped with a recording layer and a play- 
back layer wherein the information of magnetization of the re- 
cording layer is transferred. 



According to the seventh situation of this* invention, a re- 
cording method with the characteristic that in the recording of 
information that continues for 2 or more bits in the recording 
method of an optomagnetic recording medium that records informa- 
tion by the fact that an optomagnetic recording medium that has 
been equipped with a recording layer, is irradiated by recording 
light under application of a magnetic field in the recording di- 
rection, information is recorded in such a way that in the re- 
cording domain of the recording layer that corresponds with the 
said information that continues for 2 or more bits, contains at 
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t.on that X. opposite to th. r.oondln, dir.otion, is off,P.d. 



0030 



reco^*''" continuous Information is recorded in the 

recording method of the seventh situation of this invention 
continuous recording mark is .r>ii* * invention, a 

so that ^ number and recorded, 

so that the sequence of magnetic sections that constitute the 

c^a™ ™? <-"--o- ^ecordin:"::r:r 

oirootion that is opposlta to that of 
this s.,uo,«,. of maanstto soctlons. In or<J.r to oaus, th. 7 
tlnuou, n.cor.l„« oo.n..p„„ds with llZZJ^lllZl 

.on that cohtlhuos .or Z or ^ro .Its. to oont.ln I LZZT' 
section .h.n.l„ th. direction of .a^natlzatlon Is opposl^r for 

information, „a, h, modulated. The length of th, «a9n.tlo 1.1 

Z:\r -^-ctlons Of n-a^tlLnn 

that are present In the oontinuou, magnetic section can be !^ 
optional length, and 1, not limited to the length o; a"" ll" 
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According to th. .Ighth situation of this Invention, a r.- 
ocrding method with th. charact.rlstlc that In the recording of 
a recording marK with marK length A In the recording layer !n 

ecordrrn:."'::"" -^-^-tlc r.cordl„g medj that 
records information .n a recording layer by the fact that an on 
tomagnetlc recording medium that ha, been .,ulpped with" r^ 
cording layer. 1. llght'undrr .p:!!:."- 

fll^d rr^"*"" -cording direction, a Agnatic 

field in the recording direction with a magnetic f i;^ strength 
H1 IS applied, and that In the case that a recording marK w^th a 
marK length B ,B , A, Is recorded In the recording Lyer TJl' 
netic field In the recording direction with a magnetL fl.L 
strength « ,H2 ^ „, , i. .pp^^.^, ^ 
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In the recording method that is the elah+K * 
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field is modulated, corresponding to the length of the recording 
mark that is formed in the recording layer. That is to say that 
in the case that a recording mark with mark length A is record- 
ed, a recording magnetic field with magnetic field strength H1 
is applied, and in the case that a recording mark with mark 
length B is recorded, a recording magnetic field with magnetic 
field strength H2, that differs from H1 , is applied. In the case 
that for instance the recording mark with mark length A is the 
shortest recording mark, a recording magnetic field with the 
same magnetic field strength H1 as in the past is applied and a 
recording mark is formed in the recording layer. In the case of 
a recording mark with mark length B (continuous recording mark), 
a recording magnetic field with a magnetic field strength H2, 
that is a smaller strength than HI , is applied, and a recording 
mark is formed in the recording layer. The recording mark with 
mark length B that has been recorded with a weaker magnetic 
field strength, has a state wherein magnetic sections in the re- 
cording direction and magnetic sections with the opposite direc- 
tion are mixedly present (state wherein magnetic sections in the 
recording direction have been scattered). Since in the situation 
of mixed presence of magnetic sections in the recording direc- 
tion and magnetic sections in the opposite direction, the leak- 
ing magnetic fields from all positions have a sufficient magnet- 
ic field strength, the front edge and the rear edge of the con- 
tinuous recording mark also have sufficient magnetic fields, 
even at a distance from the center, and the leaking magnetic 
fields can be homogenized across the whole of the continuous re- 
cording mark. 



0033 

[Situation of execution of the invention] 

Below, the situation of execution of the recording method and 
the recording device of this invention and examples of execution 
are described, referring to figures, but this invention is not 
limited hereto. 



0034 

Situation of execution 1 . 

Figure 1 schematically shows the construction of a recording 
device according to this invention. Recording device 101 mainly 



2000-260079 „_ 
consists of a laser light radiating section for Irradiation of 
optomagnetic recording medium 100 with light that has been con- 
verted to pulses with a period that has been synchronized with 
code data, and a magnetic field applying section that applies a 
magnetic field that has been controlled at the time of recording 
and playback on optomagnetic recording medium 100, and a signal 
processing system that detects and processes signals from opto- 
magnetic recording medium 100. In the laser light radiating sec- 
tion, laser 22 is connected with laser driving circuit 32 and 
recording pulse amplitude/ phase adjusting circuit 51 (RC-PPA), 
and laser driving circuit 32 receives a signal from recording 
pulse amplitude and phase adjusting circuit 51, and controls the 
laser pulse amplitude and phase of laser 22. Recording pulse am- 
plitude/phase adjusting circuit 51 receives a clock signal that 
will be discussed below, from PLL circuit 39, and emits a first 
sync signal for the adjustment of the phase and pulse amplitude 
of the recording light. 

0035 

In the magnetic field applying section, magnetic coil 29 that 
applies a magnetic field, is connected with magnetic coll driv- 
ing circuit (M-DRIVE) 34, and at the time of recording, magnetic 
coil driving circuit 34 receives data that have been code-con- 
verted via phase adjusting circuit (RE-PA) 31 from modulator 30 
that converts the recorded data to a prescribed code, and con- 
trols magnetic coll 29. At the time of playback, on the other 
hand, it receives a clock signal that will be discussed below, 
from PLL circuit 39, and generates a second sync signal for ad- 
justment of the phase and pulse amplitude via playback pulse am- 
plitude/phase adjusting circuit (RP-PPA) 131, and controls mag- 
netic coil 29, based on the second sync signal. For switching of 
the signal that is inputted in magnetic coil driving circuit 34 
at the time of recording and the time of playback, recording/ 
playback switcher (RC/RP SW) 134 is connected with magnetic coil 
driving circuit 34. 

0036 

In the signal processing system, first polarization prism 25 
has been arranged between laser 22 and optomagnetic recording 
medium 100, and at one side thereof, second polarization prism 
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251 and detectors 28 and 281 have been arranged. Detectors 28 
and 281 are connected to both subtracter 302 and adder 301 , re- 
spectively via I/V converters 311 and 312. Adder 301 is connect- 
ed with PLL circuit 39 via clock extraction circuit (CSS) 37. 
Subtracter 302 Is connected with decoder 38 via sample and hold 
(S/H) circuit 41 that holds the signal, synchronized with the 
clock, and A/D converter circuit 42 that .carries out analogue/ 
digital conversion, synchronized with the same clock, and blna- 
rlzlng signal processing circuit (BSC) 43. 

0037 

In the construction of the above mentioned apparatus, the 
light that has been radiated from laser 22 is converted to par- 
allel light by collimator lens 23, and via polarization prism 
25, it is focussed on optomagnetic recording medium 100 by ob- 
jective lens 24. The reflected light from disk 100 is directed 
to polarization prism 251 by polarization prism 25, and after 
passage through half wavelength plate 26, it is split Into 2 
directions by polarization prism 251 . The split light is respec- 
tively focussed by detection lens 27 and guided to photodetec- 
tors 28 and 281. Here, pits for formation of tracking error sig- 
nal and clock signal' have been formed in advance on optomagnetic 
recording medium 100. The signal that shows the reflected light 
from the pit for formation of the clock signal is detected by 
detectors 28 and 281 , and thereafter extracted in clock extract- 
ing circuit 37. Subsequently, a data channel clock is generated 
in PLL circuit 39 that has been connected with clock extracting 
circuit 37. 

0038 

In the case of data recording, laser 22 Is modulated with a 
fixed frequency so that it gets the 1/2 period of the data chan- 
nel clock by laser driving circuit 32, and continuous pulse 
light with a narrow amplitude Is radiated, and the data record- 
ing area of turning (rotating) optomagnetic recording medium lOO 
is locally heated with equal distances. Moreover, the data chan- 
nel clock controls modulator 30 of the magnetic field applica- 
tion section, and a data signal with the standard clock period 
is generated. The recording data are modulated by modulator 30, 
viz., code-converted. For Instance '1*, that is recording Infor- 
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mation among the recording data, is converted to '10' , and 0' 
is converted to OO' . Moreover, the various codes after code 
conversion are modulated by modulator 30 so that they are for- 
warded to phase modulating circuit 31 with 1/2 of the period of 
the data channel clock. The 'I' or 0' of the code data signal 
after code conversion are forwarded to phase adjusting circuit 
31, and after phase adjustment, forwarded to magnetic coil driv- 
ing circuit 34. By phase adjusting circuit 31, the phase is ad- 
justed in such a way that particularly in the case of a record- 
ing information sequence with successive recording data " 1 ' , 
such as HI', the periods of the V and the O' in the lO* of 
the code data signal that corresponds with the initial recording 
data 'I', become the same period, and the phase is adjusted in 
such a way that the 'I' in the code data signal 'lO' that corre- 
sponds with the next recording data V, corresponds with 3/4 
period of the data channel clock, and the O' becomes 1/4 period 
of the data channel clock. Magnetic coil driving circuit 34 con- 
trols magnetic field coil 29 and applies a magnetic field with a 
polarity that corresponds converted code data signal to the 
heated section of the data recording area of optomagnetic re- 
cording medium 100. 

0039 

Subsequently, a schematic cross section of optomagnetic re- 
cording medium 100 wherein information is recorded with the use 
of this recording device 101, is shown in figure 5. Optomagnetic 
recording medium 100 is an optomagnetic recording medium for 
MAMMOS (Magnetic Amplifying Magneto-Optical System), and it has 
a structure wherein dielectric layer 2, magnetic magnification 
and playback layer 3, non-magnetic layer 4, recording layer 5 
and protective layer 6 have been successively layered on trans- 
parent substrate 1 . The optomangetic recording medium with this 
structure is based on the principles of MAMMOS (Magnetic Ampli- 
fying Magneto-Optical System) that has been proposed by the 
present applicant, and it can transfer and magnify the micro re- 
cording magnetic sections of the recording layer to the magnetic 
section magnifying and playback layer under application of a 
playback magnetic field. Because details of the principles of 
MAMMOS have been described in international public disclosure WO 
98/02878, we can refer thereto. 
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In the construction that is shown in figure 5, a freely chos- 
en substrate that is transparent, such as for instance ones 
wherein transparent resin materials such as polycarbonate and 
amorphous polyolefins have been moulded to the desired form, and 
ones wherein a transparent resin film whereto the desired pre- 
format pattern has been transferred, has been glued to one sur- 
face of a glass plate that has been moulded to the desired form, 
can be used as transparent substrate 1 - Dielectric layer 2 is 
established in order to cause multiple interference of light 
beams for playback inside the film, and to really increase the 
Kerr rotary angle, and it can be formed with the use of a mater- 
ial with a higher refractive index than transparent substrate 1 , 
for instance an inorganic dielectric that consists of SiN. Pro- 
tective layer 6 is a layer to protect films 3-5 that are layered 
between transparent substrate 1 and protective layer 6, against 
bad chemical influences such as corrosion, and it consists for 
instance of a SiN film or carbon film. Recording layer 5 is a 
film with vertical magnetization, that shows anisotropy of ver- 
tical magnetism at temperatures above room temperature, and 
amorphous alloys of rare earths and transition metals, such as 
for instance TbFeCo,* DyFeCo and TbDyFeCo are most preferred, but 
also other well known optomagnetic recording materials such as 
an alternating laminate of Pt films and Co films and garnet ox- 
ide magnetic materials, can be used. Non-magnetic layer 4 con- 
sists for instance of dielectrics such as Si02 , AIN and SiN, and 
metals such as Al, AlTi, Au , Cu, AuAl and AgAl, or laminates 
wherein these metals and dielectrics have been laminated. Mag- 
netic section magnifying and playback layer 3 is a film with 
vertical magnetization that shows a vertical magnetization at or 
above room temperature, and in order to obtain a good playback 
signal at the time of playback, it can be constructed with the 
use of such a magnetic material, such as for instance GePeCo, 
that the Kerr rotary angle increases at the maximum temperature 
of the medium when it is irradiated by playback light. 



The above mentioned dielectric layer 2, magnetic section mag- 
nifying and playback layer 3, non-magnetic layer 4, recording 
layer 5 and protective layer 6 can for instance be formed by a 
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dry process such as continuous sputtering by a magnetron sput- 
tering device. 

0042 

Opt ©magnetic recording medium 100, that has this construc- 
tion, is mounted in recording device 101 in such a way that la- 
ser light is radiated from the side of substrate 1, and informa- 
tion is recorded. The wavelength of the laser of the optical 
head of recording device 101 is 680 nm, and the numerical aper- 
ture NA of the objective lens is 0.55. The recording of data was 
carried out with the use of a light pulse electric field modu- 
lating recording system, that carries out recording by modulat- 
ing an external magnetic field that has been modulated to a pre- 
scribed code data signal by a modulator, with + 200 (Oe), under 
radiation of a laser beam on a pulse with a fixed period, with a 
linear speed of 2.5 m/sec, and with a 30% duty of the laser 
light pulse. Figure 6 shows a timing chart of the recording la- 
ser light pulse and the recording external magnetic field with 
respect to the recording clock. The upper side of figure 6 shows 
the pattern of micro recording magnetic sections that have been 
formed by this recording method. The micro recording magnetic 
sections that are shtown by black circles, correspond to code da- 
ta signal 'I' after the above mentioned conversion, and their 
diameter is 0.2 ^m. Moreover, the the recording magnetic section 
of the very first bit of continuous recording data was formed 
with a diameter of 0.2 ^um, and that of the second and higher or- 
der bits with a diameter of 0.3 jum. 

0043 

Subsequently, as has been mentioned above, the optomagnetic 
recording medium wherein information had been recorded, was 
played bak with the use of a playback device. In this playback 
of information, playback laser light is radiated, synchronized 
with the playback clock, to the individual recorded magnetic 
sections, and the playback magnetic field was modulated in the 
form of pulses, and applied in such a way that it was made syn- 
chroneous with the playback clock. Moreover, the sample and hold 
timing of the playback signal coincided with the modulation tim- 
ing of the magnetic field. By the fact that now for recording 
information wherein the pattern of the recording information is 
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'1', '11' and '1111* (corresponds with a length of 0.4 |jm, 0.8 
jjm and 1.6 pm when it is calculated as the mark length by the 
existing recording method), the playback laser light and play- 
back magnetic field are modified to various powers, a playback 
domain that has the possibility of playback of information was 
prepared. The results are shown in the graph of figure 7. 

0044 

As is clear from the graph of figure 7, it is shown that a 
domain that can playback the whole of the recording information 
of the respective recording patterns (lengths of recording 
marks), is extremely wide, and the playback power margin is ex- 
tremely wide. Consequently, even if the information that is re- 
corded by the recording device of this invention has various re- 
cording patterns, stable information playback is possible. 

0045 

In an optomagnetic recording medium that has been produced in 
situation of execution 1 of an example for comparison, recording 
information with the recording patterns '1', '11* and '1111' 
were recorded with the existing method wherein the recording in- 
formation ' 1 • of 1 bit is formed with a magnetic section in the 
recording direction, and the other information 'O' of 1 bit is 
constructed with a magnetic section in the direction that is op- 
posite to the recording direction. The recording information 
with the recording patterns '1', '11' and '1111' were respecti- 
vely formed with mark lengths of 0.4 jum, 0.8 |jm and 1.6 pm. The 
recording information with these mark lengths was played back in 
the same way as in the example of execution, and a playback do- 
main that can play back the information, was prepared. The re- 
sults are shown in the graph of figure 8. As is clear from this 
graph, the playback domain to the recording pattern '1111' (mark 
length 1.6 |um) is narrow, and has shifted to the high power 
side. Moreover, it shows that the domain that can playback the 
whole of the recording marks with a mark length of 0.4 pm, 0.8 
jim and 1.6 ^m, is extremely small, and that the playback power 
margin is extremely narrow. 
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Second situation of execution. 

T.' .x.outlon, th. recordin, ..thod acoord- 

xng to th. eighth situation of this invention is described in 
th. conor.t.. Figup. ,o .oh«itioall, sho« th. d.p.nd.no. of 
diL r" J*"' "--"ins -a9n.tio s.otion of th. opto-agnotio 
dxso fro, th. strength of th. reoording .agnetio field. In fig- 
ure 10 di.o A is an opto.»gn.tio r.oording modiu. that has b..n 

eo n. a TbF.Co r.oording la,.r with a fil„ thiokn.,, of 8 n. 
and adjuvant racording la,.r of Pt84Co,S with a fil» thicKn.,; 
!! *° " - ."icon nitrid. la,.r with a fil„ thiokn... of 
60 n. on a polyoarbonat. substrate. Diso B is an opto»agn.tio 
reoording .edi«. that has been .,uipp.d with a sili.on nitrid. 
layer with a fil. thiokn.ss of 60 n-. a TbFeCo reoording layer 
With a fil„ thiokn... Of 8 n». a silioon nitrid. la,.r with a 
film thickness of 60 n., and an Al alloy layer with a fil> 
thickness Of 50 n. on a polycarbonate substrata. At th. lowor 

that II 'T"' *"* -—^"8 ~<.n.tic ssetion 

that is ob,.rv.d in diso A and disc B, is shown. In this out- 

do-ain wh.r.in r.cordina should be carried out (domain that 
r.aoh.s th. t..p.ratur. at which recording i. possibl,, . that is 
Shown With a dottad lin.. and th.se micro magnetic sections 
gradually com. to occupy th. abov. m.ntion.d domain with in- 
cr...ing strangih of th. r.cording magnotio fi.ld. m th. table 

ZZlTl' II' — P-tion Of th. above mentioned 

domain by the micro magnetic section, in disc A and disc B as 
compared with th, recording magnetic fi.ld is shown and it shows 
th. situation wh,rein 2 tracks, viz. 2 recording magnetic ,.c- 
ticn, are formed in each disc. As is clear from disc A in figure 

I!«?!n f "° "'"""^"^ —"o"' and micro magnetic 

..ction. ar. form.d in th. cas, that th. r.cording magnetic 
field is small. In disc B, an inversion of magnetization of the 
micro magnetic section that is so small that it appears in a 
worm, Stat, insid. th, contour of th. r.cording magnetic sec- 
tion, is g.„.rat.d. yor.ov.r. wh.n th. r.cording magnotic field 
increases, many micro magnetic section, are formed inside th. 
contour of the recording magnetic section, and when a sufficient 
r.c,rding magnetic fi.ld is applied, the micro magnetic sections 



2000-260079 -30- 
gather and a. solid recording magnetic section is formed. In this 
way, the recording magnetic section that is formed gets a state 
of mixed presence of magnetic sections in the recording direc- 
tion and magnetic sections in the opposite direction thereof 
(state wherein magnetic sections in the recording direction have 
been scattered), when the magnetic field strength of the record- 
ing magnetic field that is applied on the recording layer, is 
small. When a continuous recording mark is formed, therefore, a 
continuous recording mark can be brought in a state of mixed 
presence of magnetic sections with the recording direction and 
magnetic sections with the opposite direction thereof, by weak- 
ening the strength of the magnetic field that is applied on the 
recording layer. Since in the situation of mixed presence of 
magnetic sections with the recording direction and magnetic sec- 
tions with the opposite direction thereof, a sufficient leaking 
magnetic field is obtained from any position, the leaking mag- 
netic field from the central section of the continuous recording 
mark increases more than in the past. This can be explained also 
from a simulaton of formation of magnetic sections that pertains 
to the optomagnetic recording as is shown in figure 11, and the 
same recording can also be carried out with the optomagnetic re- 
cording medium for MAMMOS. The simulation of figure 11 schemati- 
cally shows the results in the case of formation of a continuous 
recording mark with a mark length of 3 jum. Moreover, in the sim- 
ulation results of figure 11, the black domains are domains that 
consist of magnetic sections that have a magnetization in the 
recording direction, and the white domains are domains that con- 
sist of magnetic sections that have a magnetization in the di- 
rection that is opposite to the recording direction. 

0047 

From the above mentioned results, it is clear that a record- 
ing magnetic field with a strength that differs from that in the 
case that the shortest recording mark is recorded, may be ap- 
plied in the formation of continuous recording marks in such a 
way that a state of mixed presence of magnetic sections in the 
recording direction and magnetic sections in the opposite direc- 
tion thereof is obtained. As the recording method, the method of 
recording with magnetic field modulation and the method of re- 
cording with light pulse magnetic field modulation can be used. 
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On the optomagnetic recording medium, for instance a recording 
magnetic field with a timing as is shown in figure 12a may be 
applied. Moreover, in order to make the contour of the edge sec- 
tion of the continuous recording mark conspicuous, it is for in- 
stance possible, as is shown in figure 12b, to make a strong re- 
cording magnetic field in the case that the edge section of a 
continuous recording mark is formed, and to make the recording 
magnetic field weak in other sections. Hereby, it is possible 
that magnetic sections in the recording direction are made to 
agglutinate(?) only in the edge section of the recording mark, 
and that in the central section of the continuous mark, a state 
of mixed presence of magnetic sections in the recording direc- 
tion and magnetic sections in the direction that is opposite to 
the recording direction is obtained. The result thereof is that 
it is possible that the leaking magnetic field from the center 
of the continuous recording mark is increased. Because it is 
therefore, for instance in the case that an optomagnetic record- 
ing medium for MAMMOS that has been equipped with a magnetic 
section magnifying and playback layer, possible that the infor- 
mation in the center of the continuous recording mark is relia- 
bly transferred and magnified to the magnetic section magnifying 
and playback layer, playback errors in the playback of the cen- 
tral section of the continuous recording mark are greatly reduc- 
ed. 
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When now an optical recording medium for MAMMOS has been 
played back , it is clear that playback errors in the central 
section of the continuous recording mark are produced when the 
mark length of this continuous recording mark is longer than a 
prescribed length. In the case that the shortest mark is extre- 
mely short, information to obtain a sufficient leaking magnetic 
field from the central section can be played back, even if it is 
a continuous recording mark, and playback errors are only pro- 
duced in continuous recording marks that are longer than the 
above mentioned prescribed length. In such cases, recording may 
be carried out with modification of the magnetic field strength 
of the recording magnetic field only in the case that a continu- 
ous recording mark that is longer than the prescribed length, is 
formed. 



2000-260079 




0049 

Above, situations of execution of the recording method and 
recording device of this Invention have been described, but this 
Invention Is not limited to the above mentioned situations of 
execution. In the first situation of execution, for Instance an 
optomagnetlc recording medium that has a layered structure of a 
subst rate/ dielectric layer/ playback layer/ non-magnet Ic layer/ re- 
cording layer/ protective layer was used as the optomagnetlc re- 
cording medium wherein information is recorded, and Information 
was recorded by radiating recording light from the side of the 
substrate, but it is also possible to adopt a situation wherein 
an optomagnetlc recording medium that has a layered structure of 
a substrate/ dielectric layer/ recording layer/ non-magnet ic layer/ 
playback layer/ protective layer Is used and Information is re- 
corded by radiating recording light from the side of the protec- 
tive layer. 

005O 

Moreover, In the first situation of execution, an optomagnet- 
lc recording medium for MAMMOS was produced as the optomagnetlc 
recording medium , but it is also possible to carry out recording 
with the use of an o|>tomagnetlc recording medium for MSR. 

0051 

Moreover, in the formation of a continuous recording mark re- 
cording layer in the second situation of execution, the magnetic 
field strength of the recording magnetic field was controlled in 
such a way that It Is weaker than In the case that the shortest 
recording mark Is recorded, but It Is for Instance also possible 
to record Information, controlling the light strength of the re- 
cording light In such a way that the light strength of the re- 
cording light that Is radiated In the formation of a continuous 
recording mark in the recording layer, is weaker than in the 
case that the shortest recording mark is recorded. 

0062 

[Results of the invention]. 

Because, if Information is recorded with the use of the re- 
cording method of this Invention, as has been described above, 
even in case of continuous recording information, a homogeneous 
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leaking magnetic field is obtained from the recording mark that 
corresponds with the respective recording informaton of this 
continuous recording information, it is extremely suited as a 
method that transfers magnetization information that has been 
recorded in a recording layer in the way of MAMMOS and MSR to a 
Playback layer, and records information in an optomagnetic re- 
cording medium of the type that plays back information from the 
playback layer. 

0053 

Moreover, if information is recorded with the use of the re- 
cording device Of this invention, stable and reliable transfer 
cf recording information to the playback layer is possible ir- 
respective Of the recording pattern, and in addition, the power 
margin at the time of playback can be made wider than in the 
past . 

[Brief description of the figures] 
[Figure 1] 

Shows an outline of the construction of the recording device 
0"^ this invention. 
[Figure 2] 

Shows a cross section of a magnetic mark that is formed in 
the recording layer by the existing recording method, and an 
outline Of the situation of the leaking magnetic field from the 
magnetic mark. 
(Figure 3] 

shows a cross section of the magnetic mark that is formed in 
the recording layer by the recording method of this invention 
and an outline of the situation of the leaking magnetic field' 
from the magnetic mark. 
[Figure 4] 

shows an outline of the situation of splitting and forming 
continuous magnetic marks by the recording method of this inven- 
tion, and Of the situation of the leaking magnetic field from 
the split magnetic mark. 
[Figure 5] 

shows the construction of the cross section of the optomag- 
netic recording medium that was produced in an example of execu- 
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tion. 

[Figure 6] 

is a timing chart that shows the correlation of the recording 
laser light pulses, recording external magnetic field and re- 
cording magnetic section of the recording method of this inven- 
tion. 

[Figure 7] 

shows the playback domain for recording marks with various 
recording patterns that have been recorded with the use of the 
recording device of this invention. 
[Figure 8] 

shows the playback domain for recording marks with various 
recording patterns that have been recorded with the existing, re- 
cording method. 
[Figure 91 

is a figure for the explanation of the outline of the record- 
ing method of this invention, and it shows the correlation of 
the recording data and code converted code sequence, and record- 
ing signal that is based on the converted code sequence. 
[Figure 10] 

shows a scheme of the situation wherein the form of the re- 
cording magnetic section that has been formed in the recording 
layer of the optomagnetic recording medium, depends on the 
strength of the recording magnetic field. 
[Figure 11) 

shows a scheme of the results of simulation of the correla- 
tion of the strength of the recording magnetic field and the si- 
tuation of the magnetic section that constitutes a continuous 
recording mark. 
[Figure 12] 

Figure 12a is an example of a timing chart when the magnetic 
field strength of the recording magnetic field has been modulat- 
ed in accordance with the length of the recording mark, and fig- 
ure 12b shows an example wherein the strength of the magnetic 
field has been modulated stepwise in the case that a continuou3 
recording mark is formed. 



[Explanation of the symbols] 

1 substrate 

2 dielectric layer 
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3 playback layer 

4 non-magnetic layer 

5 recording layer 

6 protective layer 
30 modulator 



221 
222 



magnetic section that has a magnetization in the re- 
cording direction 

magnetic section that has a magnetization in the di- 
rection that is opposite to the recording direction 
223, 224 magnetic section patterns 
100 optomagnetic recording medium 

"•01 recording device 
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